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Abstract
We estimate the D¯∗D∗0 and B¯
∗B∗0 (1
−−) molecules masses and couplings using QCD spectral sum rules (QSSR)
known perturbatively to N2LO of PT series and including the contributions of non-perturabtive condensates up to
the dimension-eight. Our results improve earlier LO results obtained from QSSR in the current literature. We obtain
MbarD∗D∗0 = 5244(228) MeV which is heavier than the experimental candidates Y(4260), Y(4360), Y(4660) suggesting
that they cannot be pure molecule states. We predict MB¯∗B∗0 = 11920(159) MeV to be tested in B−factory experiments.
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1. Introduction
Motivated by the recently observed 1−− states Y(4260),
Y(4360), Y(4660) from their decays to J/ψpipi decays
[1] often interpreted as molecules or four-quark states
[2], we improve our previous results [3] obtained to low-
est order (LO) of PT series from the QCD spectral sum
rules [4, 5] by evaluating the mass and coupling of the
D¯∗D∗0 and B¯
∗B∗0 (1
−−) molecules at N2LO of PT QCD
and including up to dimension 8 condensates.
2. QCD analysis of spin one molecule
• Current and two-point fonction
The two-point correlation function associated to the
D¯∗D∗0 and B¯
∗B∗0 (1
−−) molecule current is defined as:
Π
µν
mol(q) = i
∫
d4x eiq.x〈0|T Jµ(x)Jν†(0)|0〉
= −(q2gµν − qµqν)Πmol(q2)
+qµqνΠ(0)mol(q
2) , (1)
with the current:
Jµ ≡ (Q¯γµq)(q¯Q) , (2)
Q ≡ c, b and q ≡ u, d ,
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where Πmol and Π
(0)
mol are respectively associated to the
spin 1 and 0 molecule states. Due to its analyticity prop-
erty, the correlation function Πmol(q2) , obeys the disper-
sion relation:
Πmol(q2) =
1
Π
∫ ∞
4m2c
ds
ImΠmol(s)
s − q2 − i + ... (3)
where ImΠmol(s) are the spectral functions.
• Laplace sum rule (LSR)
The Laplace SVZ sum rules are improvement of the pre-
vious dispersion relation which becomes after the (in-
verse) Laplace transform:
L(τ) =
∫ ∞
4m2Q
dt e−tτ
1
pi
ImΠOPEmol (t) . (4)
Parametrizing the spectral function by one resonance
plus a QCD continuum, the lowest resonance mass MH
and coupling fH normalized as:
〈0|Jµ|H〉 = fH M4Hµ , (5)
can be extracted from the previous Laplace sum rules
(LSR) as [4, 5]:
M2H =
∫ tc
4m2Q
dt t e−tτ 1
pi
ImΠOPEmol (t)∫ tc
4m2Q
dt e−tτ 1
pi
ImΠOPEmol (t)
(6)
and
f 2H =
∫ tc
4m2Q
dt e−tτ 1
pi
ImΠOPEmol (t)
e−τM2H M8H
, (7)
Preprint submitted to Nuc. Phys. (Proc. Suppl.) November 6, 2018
ar
X
iv
:1
41
0.
01
37
v1
  [
he
p-
ph
]  
1 O
ct 
20
14
where MQ is the heavy quark mass, τ the sum rule pa-
rameter and tc the continuum threshold.
• The QCD two-point function at N2LO
For evaluating the perturbative part at NLO and N2LO,
we assume a factorization of the bilinear currents and
do a convolution of the corresponding scalar ImΠ(0)(s1)
and vector ImΠ(1)(s2) correlators [6, 7]:
1
pi
ImΠ(1)mol(t) = θ(t − 4M2Q)
(
1
4pi
)2
t2
∫ (√t−MQ)2
M2Q
dt1 ×∫ (√t−√t1)2
M2Q
dt2 λ3/2
1
pi
ImΠ(1)(t1)
1
pi
ImΠ(0)(t2) (8)
with the phase space factor:
λ =
(
1 − (
√
t − √t1)2
t
) (
1 − (
√
t1 +
√
t2)2
t
)
. (9)
Their QCD expressions are known in the literature [8–
11]. We shall use the relation between the on-shell MQ
and the running mass m¯Q(ν) to transform the spectral
function into the MS -scheme [12, 13]:
MQ = mQ(ν)
1 + 43as + (16.2163 − 1.0414nl)a2s
+ ln
(
ν
MQ
)2 (
as + (8.8472 − 0.3611nl)a2s
)
+ ln2
(
ν
MQ
)2
(1.7917 − 0.0833nl) a2s
,(10)
where nl = n f − 1 is the number of light flavours and
as(ν) = αs(ν)/pi at the scale ν. The QCD expressions of
the non-perturbative part of the 1−− molecule spectral
functions used here have been computed up to dimen-
sion d = 8 in e.g. Ref. [14].
• QCD parameters
The PT QCD parameters which appear in this analy-
sis are αs, the charm and bottom quark masses mc,b
(the light quark masses have been neglected). The non-
perturbative condensates up to dimension 8 considered
here are the quark condensate 〈q¯q〉, the two-gluon con-
densate 〈g2G2〉, the mixed condensate 〈gq¯Gq〉, the four-
quark condensate ρ〈q¯q〉2, the three-gluon condensate
〈g3G3〉, and the two-quark multiply two-gluon conden-
sate ρ〈q¯q〉〈g2G2〉 where ρ indicates the deviation from
the four-quark vacuum saturation. Their values are
given in Table 1. For the condensates, we shall use:
〈q¯q〉(ν) = −µˆ3q
(
Log
ν
Λ
)−2/β1
(11)
〈gq¯Gq〉(ν) = −M20 µˆ3q
(
Log
ν
Λ
)−1/3β1
(12)
where β1 = −(1/2)(11− 2n f /3) is the first coefficient of
the β function, µˆq the renormalization group invariant
condensate and Λ is the QCD scale.
Parameters Values.
αs(Mτ) 0.325(8)
Λ(n f = 4) (324 ± 15) MeV
Λ(n f = 5) (194 ± 10) MeV
m¯c(mc) (1261 ± 24) MeV
m¯b(mb) (4177 ± 22) MeV
µˆq (263 ± 7) MeV
M20 (0.8 ± 0.2) GeV2
〈αsG2〉 (7 ± 2) × 10−2 GeV4
〈g3G3〉 (8.2 ± 2.0) GeV2 × 〈αsG2〉
ρ = 〈q¯qq¯q〉/〈q¯q〉2 (2 ± 1)
Table 1: QCD input parameters (see e.g. [5, 15] and references therein).
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Figure 1: a) τ-behaviour of the MD¯∗D∗0 for different values of tc and for ν =
4mc; the same as in a) but for the running coupling fD¯∗D∗0 .
3. D¯∗D∗
0
(1−−) molecule mass and coupling
• τ and tc stabilities
We show in Fig. 1a the τ−behaviour of the MD¯∗D∗0 at
N2LO of PT series for different values of tc at given sub-
traction ν = 4mc and in Fig. 1b the one of the coupling
fD¯∗D∗0 , where one should note that the bilinear scalar
heavy-light current acquires an anomalous dimension
such that the decay constant runs as:
fD¯∗D∗0 (ν) = fˆD¯∗D∗0
(
Log
ν
Λ
)2/−β1
, (13)
where fˆD¯∗D∗0 is a scale invariant coupling. One can see
in these figures that the τ stability is obtained from tc =
32 ∼ 36 GeV2 while tc stability is reached from tc = 49
GeV2. We consider as optimal and conservative result
the one obtained inside this region of tc.
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Figure 2: a) MD¯∗D∗0 mass versus τ for two extremal values of tc = 36 and 49
GeV2 and for different truncation of the PT series; b) the as in a) but for but for
the running coupling fD¯∗D0 .
• Convergence of the PT series
We show in the Fig. 2, the convergence of the expan-
sion in PT. We can observe in Fig. 2a that, from the LO
to the NLO, the mass increases by +6.72% and from
LO ⊕ NLO to N2LO, by +4.42%. These corrections in-
dicate that the LO results obtained in [3, 14], by using
the value of the running mc mass, underestimates the
molecule mass by about 11.14%.
For the coupling, the αs corrections are large. It in-
creases about 50% from LO to NLO and about 35%
from LO ⊕ NLO to N2LO, then to a total of 85%. Nev-
erthless, one can see that the PT series still converges
though slowly.
• ν-stability
We study in Fig. 3 the behaviour of the mass and of the
invariant coupling fˆD¯∗D∗0 in term of the scale ν. One no-
tices a good stability for ν ranging from 2.5 to 6 GeV
where a minimum for the mass and an inflexion for the
coupling occur for ν ≈ 3mc = 3.8 GeV which the same
value as the one in the 1++ channel. We obtain at N2LO:
MD¯∗D∗0 = 5244(228) MeV , (14)
which is comparable with the LO result MD¯∗D∗0 '
5268(24) MeV obtained by combining LSR and
FESR [3]. For the coupling, we find:
fˆD¯∗D∗0 = (13.7 ± 0.9) × 10−2MeV =⇒
fD¯∗D∗0 (ν) = (21.3 ± 1.4) × 10−2MeV , (15)
which we compare with the LO result fD¯∗D∗0 ≈ 0.08
MeV obtained in [3] for a 1−− four-quark state where the
difference between the two values comes mainly from
the large radiative corrections discussed before.
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Figure 3: a) ν-behaviour of the MD¯∗D∗0 ; b) the same as in a) but for MD¯∗D∗0 .
4. B¯∗B0(1−−) mass and coupling
• τ and tc stabilities
We do the same analysis for the case of the beauty chan-
nel. The τ−behavior of mass and running coupling is
shown in the Fig. 4 for given value of ν and for differ-
ent values of tc. One can see that the stability in τ is
between tc = 135 GeV2 and tc = 160 GeV2 where tc
stability starts. We consider as optimal and conserva-
tive value of the mass and coupling the one obtained
between these two extremal cases.
• Convergence of the PT series
We study in Fig. 5 the convergence of the PT series.
From LO to the NLO, the mass increases by 4.9% and
from LO ⊕NLO to N2LO it decreases by -2.98% which
shows small corrections and a good convergence of the
PT series. For the coupling, the αs correction increases
the value by about 25% while from LO ⊕ NLO to
N2LO, its decreases by about -15%.
• ν-stability
We study in Fig. 6 the behaviour of the mass and of the
invariant coupling fˆB¯∗B∗0 in term of the scale ν. Our final
result for the mass comes from ν ≈ 3.5 GeV where sta-
bilities are obtained both for the mass and for the coul-
ing. We obtain:
MB¯∗B∗0 = 11920(159) MeV . (16)
and:
fˆB¯∗B∗0 = 2.0(0.59) × 10−2 MeV =⇒
fB¯∗B∗0 (ν) = 3.5(1.02) × 10−2 MeV . (17)
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Figure 4: a) τ-behaviour of the MB¯∗B∗0 for different tc and for ν = mb; the same
as in a) but for the running coupling fB¯∗B∗0 .
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Figure 5: a) MB¯∗B∗0 mass versus τ for two extremal values of tc = 36 and 49
GeV2 and for different truncation of the PT series; b) the as in a) but for but for
the running coupling fB¯∗B0 .
5. Conclusions
We have studied the D¯∗D∗0 and B¯
∗B∗0 (1
−−) molecules
states using QCD spectral sum rules to N2LO of PT se-
ries and including non-perturbative condensates up to
dimension 8. We consider the present result as an im-
provement of the previous ones [3, 14].
The mass of D¯∗D∗0 in Eq. (14) at N2LO agrees within the
error with the LO result [3, 14] due to the small radiative
corrections in the ratio of moments, as expected from
a general feature of this approach. The result shows
that the 1−− experimental candidates Y(4260), Y(4360),
Y(4660) are too light to be pure D¯∗D∗0 molecule states.
The coupling fD¯∗D∗0 obtained in Eq. (15) is strongly af-
fected by radiative corrections and using its LO value
for estimating some hadronic widths may lead to very
inaccurate predictions.
For the beauty channel, our predictions in Eq. (16) can
be checked in different B factories. Here, the radiative
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Figure 6: a) ν-behaviour of the MB¯∗B∗0 ; b) the same as in a) but for fB¯∗B∗0 .
corrections are smaller for the coupling.
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